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We describe an improved sample preparation method for pulsed filament desorption–
ionization mass spectrometry. Samples were deposited in the presence of an excess of liquid
or solid matrices. Especially with liquid matrices such as glycerol, this allowed stable and
reproducible ion production for a variety of compounds, including biomolecules and synthetic
polymers. Substances with molecular weights up to 3000 Da could be desorbed, ionized, and
detected by time-of-flight mass spectrometry. (J Am Soc Mass Spectrom 1998, 9,
1226–1228) © 1998 American Society for Mass Spectrometry
In many types of desorption–ionization mass spec-trometry, the key process is rapid dissipation ofenergy in a small volume of a sample-carrying
matrix. Energy is deposited in many different ways: via
ion bombardment (secondary ion mass spectrometry,
SIMS), fast atom bombardment (FAB), or with short
laser pulses in the ultraviolet and infrared wavelength
range (matrix-assisted laser desorption/ionization,
MALDI). Embedding the analyte in a matrix promotes
the ionization of the analyte, improves desorption effi-
ciency of large molecules, and reduces the extent of
fragmentation. In FAB or SIMS, the sample is usually
dispersed in a small droplet of glycerol, which is also an
appropriate matrix for MALDI at infrared wavelengths
[1]. In UV-MALDI [2] solid matrices, like 2,5-dihydroxy
benzoic acid, are mainly used, but UV absorbing liquid
matrices are also known, such as nitrophenyl octyl
ether. Mixed solid–liquid systems have also been used
with UV excitation, such as graphite particles dispersed
in glycerol [3].
In most of these desorption/ionization methods, the
ion formation pathway is not fully understood. Non-
thermal processes are usually thought to play a role,
and most likely, several different pathways are opera-
tive. For example, in MALDI, gas-phase ion–molecule
reactions, desorption of pre-formed ions, photoioniza-
tion, excited state proton transfer, disproportionation
reactions, and energy pooling mechanisms have been
suggested as contributing to ion formation [4]. How-
ever, comparative measurements of UV- and IR-
MALDI mass spectra [5] and backside illumination
MALDI experiments [6] suggest that ions may be partly
formed as a natural consequence of the solid-to-gas
phase transition. Fracturing of the crystallites, caused
by thermal stress from laser irradiation, has been pro-
posed as one such source of MALDI ions [7]. Given the
range of methods that are known to produce ions, one
is led to think that a fast temperature jump may be
sufficient for generation of some ionic species from a
matrix-embedded sample, although at lower yield than
with other excitation methods. Lasers and ion or atom
beams are certainly efficient in producing ions in vari-
ous ways, but they may not be really required.
A possible inexpensive alternative desorption/ion-
ization source is a thin wire, rapidly heated by a pulse
of electrical current. Only a small number of publica-
tions on the general idea can be found in the literature.
Krueger and co-workers [8] have patented an “electric
pulse induced desorption” (EPID) method. They passed
2–5 ns pulses of 1 kV and 100 A through a 5-mm
diameter tungsten wire, dissipating over 2 kJ/cm3.
These energy densities are reportedly not enough to
vaporize the wire, but suffice to produce a short burst of
ions from adsorbed molecular species, according to the
authors, through some nonthermal processes. Time-of-
flight mass spectra of glycine (mol. wt. 5 75), leucine
(mol. wt. 5 131), adenine (mol. wt. 5 135), and adeno-
sine (mol. wt. 5 267) were obtained by these authors,
showing dominantly protonated and sodiated pseudo-
molecular ions. It is notable that deprotonated ions
were detected in negative mode with similar intensities
as the positive ions. Bonk and Glasmachers [9] used a
microfabricated emitter pad and obtained crystal violet
cations ([M 2 Cl]1 of m/z 5 372) and protonated
(m/z 5 221) and potassiated crown ether. Because of
the small dimensions of the heated ribbon (5 mm
wide 3 85 mm long 3 0.1 mm thick) electrical pulses of
a few tens of volt, 1 A peak currents and up to 5 ns
duration are enough to induce ion formation without a
noticeable heating of the source. The highest mass ion
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reported to be generated from electrical pulse induced
ion desorption was that of an oligonucleotide 23-mer
(mol. wt. ' 7600). Wanczek and co-workers [10] used a
microfabricated emitter pad as described above, appar-
ently without any sample additives, and an Fourier
transform-ion cyclotron resonance (FT-ICR) mass spec-
trometer for this experiment. Unfortunately this result
has never been confirmed or reproduced.
Related methods combine desorption of neutral mol-
ecules from an electrically heated pulsed source with
some form of post-ionization, such as electron, chemi-
cal, or laser ionization [11]. For example, Li and co-
workers [11b] incorporated a heated plunger into a
supersonic jet source for photoionization mass spec-
trometry, which had the advantage that continuous
sample replenishment was possible by motion with
respect to the impact point of the plunger. Although no
direct ion production was attempted, intact desorption
of amino acids and dipeptides of molecular weight up
to 252 was demonstrated, with an estimated heating
rate of up to 106 K/s. Anderson et al. [11d] observed
ions of a hexapeptide (m/z 5 690) by rapid vaporiza-
tion from a tungsten wire followed by electron ioniza-
tion.
We have extended the concept of electrical pulse-
induced desorption by adding matrices to our samples.
As in other desorption/ionization techniques, the ion
yield and the accessible mass range could be signifi-
cantly increased by adding a matrix to the analyte. We
were able to reproducibly generate biomolecule ions of
molecular weight up to about 3000, working with a very
simple heating source.
Figure 1 shows our time-of-flight (TOF) mass spec-
trometer with the thermal desorption/ionization
source. The tungsten filament was a small flashlight
bulb (1.2 V, 0.22 A) from which the glass envelope had
been removed. It was mounted directly in front of the
flight tube. It was floated at 90 V, and rapidly heated by
dropping the voltage of one lead to ground for 5–10 ms
(maximum peak currents of 80 A). The filament reached
its maximum temperature (estimated from the color to
be 700–800 K) in only a few microseconds, but cooled
much slower, with a time constant of '1.3 ms. Because
of a small electrical field between the bulb socket (90 V)
and the grid (0 V), positive ions were accelerated in the
direction of the TOF spectrometer. After passing the
grid, the ions received a further acceleration to 1500 V
and drifted through a 16-cm-long field-free tube before
they were detected by a MicroSphere plate electron
multiplier (El Mul, Israel).
It was found that alkali ions were formed in this
source over a long time period. In order to suppress
these undesirable ions and also to define a start point
for the TOF measurement, the grid was pulsed after a
variable delay time of some microseconds (4–8 ms
depending on the investigated mass). The pulse was 550
V with a switching time of about 100 ns. All ions
emitted after switching were thus repelled backwards
and did not contribute to the mass spectrum. Another
advantage of this pulsed extraction setup is the refocus-
ing of the spatially distributed ions [12]. The optimum
delay for pulsed extraction also provides information
about the time of generation of the ions. It seems that
the ion formation takes place at the end of the electrical
pulse, which is when the filament reaches its highest
temperature.
Initial experiments were performed with substance P
as analyte and 2,5-dihydroxy benzoic acid as a crystal-
line matrix. However, it was very difficult to reproduc-
ibly position the droplet of solution on the very front of
the filament wire. We therefore switched to liquid
matrices. A droplet of glycerol was suspended between
the filament leads; it stayed in place because of its
surface tension. About 2 mL of methanolic analyte
solution (1024 to 1023 M) was added to the liquid
matrix. All results reported below were obtained with
glycerol as the matrix. A small amount of easily ionized
CsI was added as a calibrant. The ubiquitous Na1 and
K1 ions were also useful references in the mass spectra
at high filament temperatures.
Figure 2 shows a mass spectrum of valinomycin
(average mol. wt. 5 1111.36) obtained in this fashion. In
the low-mass region, distinct peaks from Na1, K1, and
Cs1 alkali metal ions can be seen. They are superim-
posed on a broad feature which is because of poorly
focused alkali ions formed early on, that are accelerated
towards the detector by the voltage applied to the
filament. Very strong signals from valinomycin are
detected. It is interesting to note that valinomycin,
which is often used as a potassium ion-selective ligand,
seems to show a preference for K1 ions, as is also seen
in UV-MALDI experiments.
Figure 3 shows the mass spectrum of melittin, ob-
tained with this method. Because of the poor resolution
(M/DM ' 80), the assignment of the protonated
species is ambiguous, but MALDI experience suggests
that this is the predominant analyte signal. Mass differ-
Figure 1. (a) Experimental setup of the filament desorption/
ionization TOF mass spectrometer. (b) Timing scheme of the
desorption and extraction pulses.
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ence measurements with a mixture of substance P and
valinomycin provided further evidence that it is possi-
ble to generate protonated analytes with this method.
The ripples in the baseline of Figure 3 are an electronic
artifact.
We also investigated several other biomolecules with
the same approach. A strong signal was also obtained
from gramicidin D and gramicidin S, along with gram-
icidin S clusters up to trimers (m/z ' 3500). Even
polyethylene glycol 3000, which is less easily analyzed
by MALDI mass spectrometry than peptides, gave a
broad signal distribution with the correct central mass,
although individual oligomers could not be resolved.
Our results show that the use of a matrix can
significantly enhance filament ion production com-
pared to thermal desorption of analyte alone. Advan-
tages of pulsed filament desorption–ionization are low
cost (much cheaper than a laser, ion gun, or fission
fragment source), the small dimensions, and simplicity.
Possible uses include miniaturized instruments for
mass analysis, highly parallel mass analysis with arrays
of filament strips, disposable ion sources, and instru-
ments for remote sensing applications. With improved
heating rates comparable to laser heating, the accessible
mass range might also be significantly extended. In
addition, these data lend support to the notion that
purely thermal processes contribute to the overall ion
signal in other MALDI mass spectrometries.
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Figure 2. TOF mass spectrum of valinomycin (mol. wt. 5
1111.36) desorbed and ionized by the glycerol-assisted pulsed
filament method. Cationized parent ion peaks are observed (M1
Na, M1K, and M1Cs).
Figure 3. TOF mass spectrum of melittin (mol. wt. 5 2846.53)
desorbed and ionized by the glycerol-assisted pulsed filament
method. A single pseudo-molecular ion peak is observed, which is
presumed to be protonated.
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